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Learning a Foreign Language from a Busy Person’s Perspective 

Part 3: Observations from the First Year  

 John GATES* 

 This paper summarizes the progress, difficulties and major observations from the first year 

of learning Finnish. The major observations were the importance of using various types of learning 

resources, having structured study time and previously presented observations of mastering the 

pronunciation and the effectiveness of Lorayne’s memory method for learning vocabulary. 

key words: English education, Finnish, Farber’s method, foreign language learning, Kosen, 

Lorayne’s memory method, pronunciation 
 

1. Introduction 

It has been proposed [1] that English language teachers should try to learn a new foreign 

language in order to experience the difficulties that College of Technology (Kosen) 

students have in learning English. These experiences should help the teacher to find an 

optimal method for teaching English. As an experiment, the language learning method 

proposed by Farber [2] was chosen for learning Finnish. After studying Finnish for six 

months it was observed [3] that the most important first step is to master the 

pronunciation, that Lorayne’s memory method [4] is effective in remembering new 

vocabulary and the major difficulties are a lack of time and motivation. 

 This paper summarizes the progress of the teacher learning Finnish for an 

additional six months and the two major observations made during that time. These 

observations are that using various types of learning resources at the same time is very 

useful and that structured study time is necessary in order to progress at a faster rate. 

2. Progress Towards the Goals 

In a previous paper [1] the fluency targets were set for the four basic skills. The reading 

target is 200 words in 5 minutes with 70% comprehension. The listening target is 50% 

comprehension of a newscast. The speaking target is 30 minutes of general conversation 

and the writing target is 200 words in 20 minutes. Also the first five chapters of the 

grammar textbook should be studied. 

Table 1: Fluency level achieved 
Skill % (first 6 months) Achieved (last 6 months) % (last 6 months) 
Grammar 0% First 2 chapters 40% 
Reading 0% 0 words (Did not read any news articles) 0% 
Listening 5% 30% comprehension of the textbook’s CD 7% 
Speaking 2% Approximately 2 minutes of conversation  7% 
Writing 0% 0 words (Not attempted) 0% 

 Table 1 shows the approximate fluency levels achieved in the last six months and 
                                                 
*Department of Liberal Arts (English) 

1東京工業高等専門学校研究報告書　第43（2）号，2012

This paper summarizes the progress, difficulties and major observations from the first year of 
learning Finnish. The major observations were the importance of using various types of learning 
resources, having structured study time and previously presented observations of mastering the 
pronunciation and the eff ectiveness of Lorayne’s memory method for learning vocabulary.
keywords : English education, Finnish, Farber’s method, foreign language learning, Kosen, 

Lorayne’s memory method, pronunciation

Learning a Foreign Language from a Busy Person’s Perspective
―Part 3 : Observations from the First Year―

John GATES*



compares them with the fluency levels attained in the first six months. Although Table 1 

shows progress in 3 of the 5 categories, the rate of progress is extremely slow. This 

further validates the conclusion of the previous paper [3] that sufficient time is not being 

allocated to the study of Finnish. 

 

 

 

 

 

 

 

 

 

Fig. 1: Studying time and type of study per week 

 The amount of study time and type of study for each week for the entire first year is 

shown in Fig. 1 and is divided into two sections of 26 weeks. From the figure it can be 

seen that in the first half of the year there were more weeks with more than 300 minutes 

of study (5 weeks to 3 weeks) however in the first half there were also more weeks with 

no study time (11 weeks to 7 weeks). This suggests that the motivation to study is 

increasing and becoming more of a habit. 

Table 2: Classification of study time 

 
First 6 Months Last 6 Months 

Total (Min) % of Total Total (Min) % of Total 
Hidden Moment: Reading while eating 730 18.81 119 3.05 
Hidden Moment: Listening while working 2100 54.11 1575 40.34 
Hidden Moment: Studying while waiting 280 7.21 1354 34.68 
Regular Time: Studying the textbook 656 16.91 600 15.37 
Regular Time: Making flashcards 115 2.96 256 6.56 
Total Time 3881  3904  

 The data shown in Fig. 1 has been summarized in Table 2. From this table it can be 

seen that the total study time for the first six months and the last 6 months are almost 

the same. Also the amount of time spent in formal study is also approximately the same 

(19.87% to 21.93%). However, the most obvious difference is that the amount of study 

time of listening while working and reading while eating have decreased from 72.92% 

of the total study time to 43.39%. On the other hand the amount of time spent studying 

vocabulary written on flashcards while waiting or traveling has increased from 7.21% to 

34.68%. The reason for the increase is that the central pillar of Farber’s language 

learning method is to study flashcards whenever possible. The increase in motivation 
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coupled with the increase in studying flashcards suggests that Farber’s method can be 

used by busy people. 

 Table 3 summarizes the vocabulary and grammar test scores for each chapter of the 

textbook and shows that 131 words and phrases were remembered with 79% accuracy 

in the first six months. However, with the increased amount of time used to study 

flashcards the number of words studied in the last six months increased to 206 words 

and phrases with approximately 90% accuracy. Also a score of approximately 95% was 

achieved on the grammar tests at the end of each chapter of the textbook. These results 

further verify the effectiveness of Farber’s method. 

Table 3: Vocabulary and grammar test scores 
Chapter  

(half year) 
Words & 
Phrases 

First test: Eng. 
to Finn. (%) 

Second test: Eng. 
to Finn. (%) 

Third test: Finn. 
to Eng. (%) 

Chapter 
Test 

Intro. (1st half) 131 79% 98% 95%  
Ch. 1 (2nd half) 111 89% 99% 99% 94% 
Ch. 2 (2nd half) 95 90% 99% 99% 95% 

3. Observation 1: Using Various Types of Learning Resources is Effective 

From Fig. 1 and Table 2, it can be seen that there are three different types of “Hidden 

Moment” study time. One type is “Listening while working” and means listening to the 

CD for the textbook while doing something else. In this way many conversations are 

heard with not much understanding because the material has not yet been studied. 

 The next type of “Hidden Moment” is “Studying while waiting” which means 

studying flashcard with unknown words and phrases taken from the textbook. However, 

since the sounds of the words have already been heard many times usually only the 

meaning needs to be remembered thus increasing the speed of learning the vocabulary. 

 The last type of “Hidden Moment” is “Reading while eating” which means reading 

the textbook [5] or grammar book [6] while eating. This further builds on the phrases 

that were learned using the flashcards because while reading it is easy to understand 

which grammar rules are responsible for the changes in the words. 

 For example consider the phrase “Hän opettaa kemiaa,” which means “He teaches 

chemistry.” This phrase was heard many times while listening to the CD. However, 

since this phrase comes from Chapter Two in the textbook it wasn’t studied until the last 

six months. Even after remembering the phrase the grammar points in the phrase 

weren’t understood until they were read in the grammar book. The main points are the 

3rd person singular construction of verbs which is taught in Chapter Three of the 

textbook. In previous chapters it was taught that “minä opetan” means “I teach” and that 

“sinä opetat” means “you teach” but that “hän opettaa” means “he teaches” had not yet 

been studied. Also, the noun “chemistry” is “kemia” with only one “a” at the end, 

however when it is used in a sentence like this it is changed to “kemiaa” with two “a”s 
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at the end because this is the “partitive” case of the noun and this was learned by 

reading the grammar book [6]. In this way a lot of language can be learned without 

using actual study time. 

4. Observation 2: Structured Study Time is Needed for Faster Progress 

One of the major differences between a Kosen student learning English and a teacher 

learning Finnish is that the student is required to attend about 4.5 hours of English 

lectures per week. On the other hand, the teacher learning Finnish has no structured 

study time. Also, from Table 1 it can be seen that the progress towards the goal of 

fluency in Finnish has been proceeding very slowly and the distribution of study time 

shown in Table 2 reveals that only 15% of the total study time or about 10 hours in the 

past six months has been spent in concentrated study. If the teacher schedules regular 

study time and keeps the schedule the conditions will more closely resemble those of 

the student and the progress should proceed at a faster rate. Therefore, during the next 

six months, the effects of scheduled study time will be examined. 

5. Conclusion and Future Work 

This paper has summarized the progress, difficulties and major observations from the 

first year of learning Finnish. The major observations were the importance of using 

various types of learning resources, having structured study time and previously 

presented observations of mastering the pronunciation and the effectiveness of 

Lorayne’s memory method for learning vocabulary. 

 For future work, the study of Finnish, including structured study time, will be 

continued and further observations will be recorded. By analyzing this data, new ideas 

should be generated that can be used to improve Kosen English education. 
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      How do we teach the Fukushima Daiichi nuclear disaster at Kosen ? 
 

               Shinji MAEDAN 
 
 The 2011 Tohoku earthquake and tsunami caused the Fukushima Daiichi nuclear disaster. I lectured my 
students on the Fukushima Daiichi nuclear disaster in physics classes. In this paper, the details of the 
lectures given by the author are reported. I also show the results of a questionnaire that was taken in the 
lectures. 
  (Keywords: the Fukushima Daiichi nuclear disaster, Kosen, physics classes) 
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that was taken in the lectures.
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The Development of Measures for Small Business 

Collaborative Organization in Post War Japan 
 

Keiichi ASANO 
 
In the past, research concerning Cyūshō Kigyō Kyōdō Kumiai Hō (Small and Medium-Sized 
Enterprise Cooperatives Act of 1949) focused its progressive ideas in relation to new, tough 
antitrust law. However this paper concentrates on the occupation period during which small 
business policy embraced a mixture ideals and aims to demonstrate that: 
1. The Ministry of Commerce and Industry and the Small and medium Enterprise Agency skillfully 
absorbed the instructions from GHQ/SCAP; 
2. Small business wanted cartels as before because it was difficult for them to seek practical benefit 
from this new cooperative system. 
(Keywords: small business, small business policy, cooperative) 
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In the past, research concerning Cyūshō Kigyō Kyōdō Kumiai Hō （Small and Medium-Sized 
Enterprise Cooperatives Act of 1949） focused its progressive ideas in relation to new, tough 
antitrust law. However this paper concentrates on the occupation period during which small 
business policy embraced a mixture of some ideals and aims to demonstrate that:
1. The Ministry of Commerce and Industry and the Small and Medium Enterprise Agency 

skillfully absorbed the instructions from GHQ/SCAP;
2. Small business wanted cartels as before because it was difficult for them to seek practical 
benefi t from this new cooperative system.
Keywords : small business, small business policy, cooperative
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Fukushima Daiichi Nuclear Accidents will let us consider much about indispensable 

ethics and virtues for engineers and citizens in general. Some writings including those 
by professional engineers, scientists, and others are in order. Especially, late Hal W. 
Lewis, a famous American physicist, who wrote the book “Technological Risk” in 1990,  
should be correctly evaluated and duly honored in his anti -complacency 
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The climate scientist James Lovelock said 
the problems in Japan should not put people 
off nuclear power. “There is a monstrous 
myth about nuclear power. I would make a 
strong guess that of the tens of thousands of 
people killed in Japan, none of them will be 
from nuclear power.” He said that people 
were “prejudiced” against nuclear power 
unreasonably. “It is very safe,” he said. 
Chernobyl, for instance, was “an idiotic 
mess-up that could only have occurred in the 
Soviet Union”, and according to UN 
estimates had killed only about 56 people. 
More people are routinely killed in oil 
refineries and coal mines, he pointed out. He 
added that the reactors affected in Japan 
were among the oldest still operating, and 
that newer plants had more safety features. 
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19-20  

A low probability means only that; it does not 
mean that an event will never happen or can 
somehow be avoided. Acceptance of the fact 
that small probability doesn’t mean zero 
probability is the beginning of understanding. 
In the case of nuclear war, one has to believe 
that the probability is precisely zero to insist 
that efforts to mitigate the potential 
consequences are misguided. Even though we 
all hope and work to avoid such a catastrophe, 
it is wishful thinking and a kind of arrogance 
to assume that success is guaranteed, and 
that we need not contemplate failure. 
According to the Rogers Commission report, 
that kind of misunderstanding of probability 
contributed to the loss of the space shuttle 
Challenger in 1986. 

15-16  

1986

 
 

1986

 
( 48-49 ) 

Up to this point, this chapter has probably 
(and not surprisingly)appeared one-sided, as 
if all the sins in the politicization of the risk 
have been committed by the anti-technology 
elite. Unfortunately, that is not so. The 
counterpoint to the politics of ignorance is the 
politics of complacency; embraced by more 
than a few of the guardians and keepers of 
risky technology. The very low probabilities 
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that go with some of the more unlikely 
threats to our health and welfare---nuclear 
accidents, nuclear war, the greenhouse effect 
(high probability in the future, but just 
beginning), etc.---can be misleading. The fact 
that the disaster has not yet come has led all 
too many to believe that it never will, and to 
relax. It is not easy to maintain vigilance 
when major accidents never occur, especially 
when the most strident prophets of doom are 
demonstrably uninformed, or even worse. 
Ignorance on the one side and complacency 
on the other (especially when combined with 
mutual contempt) are twin threats to the 
rational management of risk. 

40  

----

---

  
 

----

---

  
225  

He is also a supporter of nuclear power, while 
an advocate of more focused attention to 
nuclear safety. He is therefore viewed by his 
pro-nuclear friends as too anti-nuclear, and 
by his anti-nuclear friends as too pro-nuclear. 
C’est la vie.  

201  

  
 

38 東京工業高等専門学校研究報告書（第43（2）号）



 - 9 - 

 
228-229  

The art of probabilistic risk assessment is 
most advanced for nuclear power, so we can 
calculate the probability of a major nuclear 
accident tolerably well…..The best current 
estimates for American reactors are that the 
probability of a core-melt accident is about 
one in ten thousand, per reactor-year, and the 
chance of a major release of radioactivity to 
the environment is a tenth or a hundredth of 
that. If these numbers are taken seriously, a 
core melt would be expected about once every 
hundred years among the hundred-odd 
reactors now operating. There is no way to 
predict with any confidence whether or not 
there will be a core melt before the turn of the 
century, because the art of prediction isn’t 
that good. Probably not, but no promises. 
/The numbers are consistent….with the 
announced safety goals of the Nuclear 
Regulatory Commission, but should of course 
be taken with a grain of salt. The 
uncertainties are large. As time goes by, and 
with wisdom and experience accumulate, we 
will know more.  

204  

(NRC)

  
 

(NRC)

 
( 231 ) 

The accident began mechanically, was helped 
along multiple human errors, and was an 
inevitable consequence of complacency. An 
industry that had never known an accident 
had come to believe it was impossible. Sound 
familiar? 

206  
[ ]

  
 

[ ]
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( 232 ) 

There seems to be no therapy or prophylaxis 
for complacency, nor for the ills of a mature 
technology, except the sobering experience of 
frequent non-catastrophic accidents. If a 
probabilistic study predicts an accident 
probability that is not zero, and no 
responsible study will do otherwise, that 
means that the accident will happen---the 
only useful question is when. Failure to 
appreciate that can be damaging to the 
nation’s health and well-being. 

206-207  

----

 
 

----

 
( 232-233 ) 

One further observation, dear to the author’s 
heart. (….) It would have rated a full 
NTSB-type treatment from impartial experts, 

to squeeze all possible lessons from it as 
dispassionately as possible. An institutional 
structure for doing that sort of thing had 
been proposed two years before the accident, 
but was of course successfully resisted by 
NRC. (One of the arguments given at the 
time was that such an organization would 
have nothing to do, because there are no 
nuclear accidents.) Many events later, both 
small and large, there is still no such 
independent review body, which means that 
there exists no one with the responsibility to 
assess how well the regulatory organization, 
the NRC, is doing its job. The anti-nuclear 
people have no credibility, since their avowed 
objective is not to improve safety but to shut 
down nuclear power, and the NRC can hardly 
be relied upon to police itself. And Congress 
is no help./So whenever there is a disaster 
that commands public attention, the 
President will appoint a special presidential 
commission to review it. This will always 
result in severe criticism for the operating 
organization, criticism that will fade with 
time after the commission is disbanded. 
Complacency will then be allowed to return, 
and business-as-usual restored. Self-criticism 
doesn’t come easily to humans. After Three 
Mile Island, President Carter tried to 
maintain some level of surveillance by 
appointing a President’s Nuclear Safety 
Oversight Committee, but President Regan 
allowed it to die quietly. The most plausible 
explanation for the uncoordinated complexity 
of the nuclear regulatory system is that, deep 
down in their hearts, many participants still 
don’t believe that a major damaging accident 
is possible. They are wrong. 

207-208  

( )

NTSB
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NRC

NRC

NRC
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(NTSB)

NRC

NTSB
NRC

,
NRC

NRC

 
( 237-238 ) 

If there is a Chernobyl-like nuclear accident, 
what is the real threat to the public? The risk 
comes from the release of radioactive 
materials normally confined in the core of the 
reactor, which is in turn enclosed by the 
familiar dome-shaped containment building

.The radiation is lethal stuff, not that 
a whiff of it will drop you in your tracks, but 
for the reasons mentioned at the beginning of 
the chapter---radiation can cause cancer. /The 
most important emergency-management 
issue in the event of a major nuclear accident 
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is clear: to minimize the exposure of the 
public to radiation. In the worst cases one 
would also need to protect the food and water 
supplies, and deal with land recovery and 
cleanup. Smaller exposures to radiation do 
less damage, and there is a point below which 
the damage, if any, is beneath notice./ The 
first axiom about the management of a 
nuclear accident (and most other 
emergencies) is that we shouldn’t worst-case 
ourselves out of a solution; we shouldn’t base 
all our planning on the worst things we can 
imagine. They are at least likely, and 
planning for the worst can leave us 
unprepared for reality. Imagine a fire 
department spending all its training, and 
purchasing all its equipment, to fight a major 
“towering inferno” fire in a hundred-story 
skyscraper. The firemen would go through 
life waiting, and would have trouble dealing 
with the wastebasket and garage fires that 
are everyday events for a typical fire 
department. 
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--- ---
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A Program of Learning Methods of Mathematics to Early-School Year Students 

Jin Hatomoto,   Shiro Saito,   Keiko Harai,   Takuya Fujikawa 
 
Abstract.  In 2010, we have a program of learning methods of mathematics for early 
school-year students to teach the learning methods to our students. We employ 
part-time lecturers teaching the learning methods mainly to the students and open a 
mathematical counseling room for the purposes. This paper reports the results of the 
program.  
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program. 
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弱双曲積構造をもつ微分同相写像に対する大偏差原理の上限評価
波止元仁*

Upper bounds on large deviations for diff eomorphisms
with weak hyperbolic product structure

Jin HATOMOTO

概要
［16］では,［13］で導入した弱双曲積構造をもつ微分同相写像に対するlarge deviationとmoderate deviation

の多項式的な上限評価を示した．これらの結果の適用例は，中心不安定方向がマヌビレ・ポモ写像型の挙動を
する一様縮小方向をもつ部分双曲的微分同相写像である．本稿ではそれらを報告する．
In［16］, we have established polynomial upper bounds on large and moderate deviations for 

diff eomorphisms with weak hyperbolic product structure studied in［13］. Applications for our results are 
some partially hyperbolic diff eomorphisms of which restriction on one dimensional center unstable direction 
behaves as a Manneville-Pomeau map. In this paper, we report several results of ［16］.

微分同相写像とする .
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Occurrence of Cavitation in an Axial-Flow Pump and Wavelet Analysis of  

Wall Pressure Fluctuation and Casing Vibration Caused by Cavitation  
Sumio SAITO ,  Gaku Hijikata   

 
The use of more compact and faster pumps increases the risk of cavitation, which degrades pump performance and causes

vibration, noise, damage, and other various phenomena, posing serious problems in pump operation. The relationship between 
the occurrence of cavitation in pumps and pump performance has been extensively studied for pumps of a wide range of specific 
speeds, from centrifugal to axial-flow pumps.  The findings have been applied to the design of pumps required to provide high 
suction performance. For axial-flow pumps with an open impeller, the blade-to-blade pressure fluctuation due to cavitation 
directly causes casing vibration and produces external noise.  Thus, it is extremely important to understand the detailed 
mechanisms of cavitation occurrence and development. It has previously been discussed that changes in the performance of 
axial-flow pumps with the development of cavitation are closely related to changes in flow conditions at the inlet and outlet of 
the impeller and that wall pressure fluctuations are strongly associated with the occurrence of cavitation in the tip clearance 
region.This paper presents a wavelet analysis of wall pressure fluctuation and casing vibration caused by cavitation in an
axial-flow pump that allows easy observation of cavitation. It closely examines spatial and temporal changes in the pressure 
fluctuation waveform at each portion of the flow channel from the impeller inlet to the impeller outlet.  This paper also suggests 
that there is a characteristic bandwidth useful for detection of cavitation in the tip clearance region. 

 
Key Words : Axial-Flow Pump, Cavitation, Pressure Fluctuation, Flow Induced Vibration, Wavelet Analysis 
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軸流ポンプのキャビテーション発生状況と壁面圧力変動
およびケーシング振動のウェーブレット解析

斉藤純夫*，土方我久**

Occurrence of Cavitation in an Axial-Flow Pump and Wavelet Analysis of
Wall Pressure Fluctuation and Casing Vibration Caused by Cavitation

Sumio SAITO，Gaku HIJIKATA

The use of more compact and faster pumps increases the risk of cavitation, which degrades pump 
performance and causes vibration, noise, damage, and other various phenomena, posing serious 
problems in pump operation. The relationship between the occurrence of cavitation in pumps and 
pump performance has been extensively studied for pumps of a wide range of specifi c speeds, from 
centrifugal to axial-fl ow pumps.  The fi ndings have been applied to the design of pumps required to 
provide high suction performance. For axial-fl ow pumps with an open impeller, the blade-to-blade 
pressure fl uctuation due to cavitation directly causes casing vibration and produces external noise.  
Thus, it is extremely important to understand the detailed mechanisms of cavitation occurrence 
and development. It has previously been discussed that changes in the performance of axial-fl ow 
pumps with the development of cavitation are closely related to changes in fl ow conditions at the 
inlet and outlet of the impeller and that wall pressure fl uctuations are strongly associated with the 
occurrence of cavitation in the tip clearance region.This paper presents a wavelet analysis of wall 
pressure fluctuation and casing vibration caused by cavitation in an axial-flow pump that allows 
easy observation of cavitation. It closely examines spatial and temporal changes in the pressure 
fluctuation waveform at each portion of the flow channel from the impeller inlet to the impeller 
outlet.  This paper also suggests that there is a characteristic bandwidth useful for detection of 
cavitation in the tip clearance region.
Keywords : Axial-Flow Pump, Cavitation, Pressure Fluctuation, Flow Induced Vibration, Wavelet Analysis
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   Effects of the Air Volume in Air Chamber on Water Hammer Pump 
Performance and Flow Behavior in the Valve Chamber 

 
Sumio SAITO , Masaaki TAKAHASHI, Yoshimi NAGATA, Takuya IWAMURA, 
Keita DEJIMA, Takahiro YAMASHINA and Gaku HIJIKATA 

 
Water hammer pumps can effectively use the water hammer phenomenon in long-distance pipeline networks that include

pumps and allow fluid transport without drive sources, such as electric motors. The results of experiments that examined the 
effect of the geometric form of water hammer pumps by considering their major dimensions have been reported. However,
these conventional studies have not fully evaluated the pump performance in terms of pump head and flow rate, common 
measures indicating the performance of pumps. The previous paper experimentally examined how the hydrodynamic 
characteristics were affected by the inner diameter ratio of the drive and lifting pipes, the form of the air chamber, and the 
angle of the drive pipe. This paper proposes the effect of air volume in air chamber that affects the hydrodynamic 
characteristics and operation conditions of the water hammer pump. It also clarifies the behavior of flow in the valve chamber 
during water hammer pump operation. 

 
Key Words : Water Hammer Pump, Fluid Transients, Performance, Pressure Fluctuation, Velocity Fluctuation, 

Flow Visualization 
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Water hammer pumps can eff ectively use the water hammer phenomenon in long-distance pipeline 
networks that include pumps and allow fl uid transport without drive sources, such as electric motors. 
The results of experiments that examined the eff ect of the geometric form of water hammer pumps 
by considering their major dimensions have been reported. However, these conventional studies 
have not fully evaluated the pump performance in terms of pump head and flow rate, common 
measures indicating the performance of pumps. The previous paper experimentally examined how 
the hydrodynamic characteristics were aff ected by the inner diameter ratio of the drive and lifting 
pipes, the form of the air chamber, and the angle of the drive pipe. This paper proposes the eff ect 
of air volume in air chamber that aff ects the hydrodynamic characteristics and operation conditions 
of the water hammer pump. It also clarifi es the behavior of fl ow in the valve chamber during water 
hammer pump operation.
Keywords : Water Hammer Pump, Fluid Transients, Performance, Pressure Fluctuation, Velocity 

Fluctuation, Flow Visualization

水撃ポンプの性能に及ぼす圧力タンク内空気量の影響と
弁室内流れの挙動

斉藤純夫*，高橋正旭**，永田佳未***，岩村拓哉**，出嶌京太****，山科貴裕*****，土方我久**

Eff ects of the Air Volume in Air Chamber on Water Hammer Pump Performance
and Flow Behavior in the Valve Chamber

Sumio SAITO，Masaaki TAKAHASHI，Yoshimi NAGATA，Takuya IWAMURA
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Fig.1  Water hammer pump system 
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Qi :  [ℓ/min] 

Qu :  [ℓ/min] 

ΔT :  [sec] 

Δt :  [sec] 

V :  [ℓ] 

Va :  [ℓ] 

θ :  [°] 

η : ( (1) ) [%] 

ηv : ( (1) ) [%] 

Geometrical form factor Experimental condition 

Drive pipe inner diameter  D [mm ] 25 

Drive pipe length      L [m] 4 

Drive pipe angle θ [°] 7 

Lift valve opening area Al[mm2] 254 

Lift pipe inner diameter  d [mm ] 18 

Air chamber capacity  V [ℓ] 3.85 (Spherical type) 

Air quantity of air chamber Va [ℓ] 0 , 0.356 , 1.94 , 3.76 

Spring length ℓs [mm] 46.7 

Spring constant k [N/mm] 0.122 

Water level          H [m] 0.5 

Table 1  Experimental factors of water hammer pump 

Fig.2  Main parts of water hammer pump 
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Akira KAKUTA 

 
 
It is necessary to advance the solution of environmental problems such as global warming etc. There is an attempt 
that applies the photosynthesis of the plant to the power generation function as bio-fuel cell. That cell is possible to 
become the one of solutions of the environmental problems. This study was tried to make the fuel cell which 
generated the electricity by the photosynthesis of the purple photosynthetic bacteria. The power performance was 
clarified by the experiment. This study aims to obtain a basic finding for the practical use of a bio fuel cell. 
 
(Keywords, Bio fuel cell, Purple photosynthetic bacteria, Photosynthesis) 
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It is necessary to advance the solution of environmental problems such as global warming etc. 

There is an attempt that applies the photosynthesis of the plant to the power generation function as 

bio-fuel cell. That cell is possible to become the one of solutions of the environmental problems. This 

study was tried to make the fuel cell which generated the electricity by the photosynthesis of the 

purple photosynthetic bacteria. The power performance was clarifi ed by the experiment. This study 

aims to obtain a basic fi nding for the practical use of a bio fuel cell.

Keywords : Bio fuel cell, Purple photosynthetic bacteria, Photosynthesis

光合成を利用した生物燃料電池の試作と動作
角田　陽*

Prototyping of Photosynthetic Bio Fuel Cell by using Purple Photosynthetic Bacteria
Akira KAKUTA

＊機械工学科
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Fig. 1 Purple photosynthetic bacteria on Si 
wafer observed with optical microscope 

 
 

Table 1 Composition of culture medium 
 

Chemicals Concentration 
(weight / volume %) 

Polypepton 0.5 

Yeast extract 0.1 

Sodium succinate 0.5 

Basal salt solution 1.0 

 
 

 
 

Fig. 2 Power generation principle of 
photosynthetic bio fuel cell 
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(a)  Prototype             (b)  Conventional type 

 
Fig. 3 Appearance of photosynthetic bio fuel cell 

 
 

Table 2 Specification and production methods of fuel cell parts 
 

Parts Material Size [mm] Method 

Cover Acryl 50 x 50 x 5 
Cutting by band saw 

and drilling by 
drilling machine 

Chamber 
O-ring (silicone 

rubber) 

Diameter; 24 
 

Thickness; 4 
Commercial product 

MEA 
(Membrane - 

Electrode - Assembly) 

Cu, Fe, Al, Ti 
 

Nafion 
 

Carbon cloth 

Metals; 40 x 50 
Solid high-polymer 

film; 40 x 40 
Carbon cloth; 

35 x 35 

Crimping metals, 
solid high-polymer 

film and carbon-cloth 
by hot-press (140 

degree, 50 kgf/cm , 
2min.) 

Current collector Cu  
Cutting by 

wire-cut-EDM 
 

 
 
Fig. 4 Photo of photosynthetic bio fuel cell 
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Fig. 5 Connection diagram of performance 
evaluation system 

 

 

(a) No processing on electrode 
 

(b) Concave groove with pitch 20 m 

 

(c) Concave groove with pitch 40 m 
Fig. 6 Experimental result of Bio fuel cell 
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Akira KAKUTA, Susumu TARAO, Hirokazu SAITO, Hirotaka TSUTSUMI and Jyo SHIMURA 

 
 
Micro & nano level and mechatronics are one of the important technologies in the mechanical engineering field of 
21ct. This study tried to found the MEMS technology in Tokyo KOSEN. This report were investigated to be 
applied laser process to generating micro 3D structures like micro hole, micro line, micro concave groove and so 
on. Micro 3D shapes could be manufactured on the material surfaces on both a hard material such as metal and a 
high-polymer material such as polycarbonate. 
 
(Keywords, MEMS, Micro machining, micro structure) 
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Micro & nano level and mechatronics are one of the important technologies in the mechanical 
engineering fi eld of 21ct. This study tried to found the MEMS technology in Tokyo KOSEN. This 
report were investigated to be applied laser process to generating micro 3D structures like micro 
hole, micro line, micro concave groove and so on. Micro 3D shapes could be manufactured on 
the material surfaces on both a hard material such as metal and a high-polymer material such as 
polycarbonate.
Keywords : MEMS, Micro machining, micro structure

東京高専におけるマイクロメカトロニクスの新展開
―第３報，マイクロ加工の適用―

角田　陽*，多羅尾進*，齊藤浩一*，堤　博貴*，志村　穣*

New Twist for Micromechatronics in Tokyo KOSEN
－3rd Report, Applying to Micro machining－

Akira KAKUTA，Susumu TARAO，Hirokazu SAITO，
Hirotaka TSUTSUMI，Jyo SHIMURA

＊機械工学科
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Table 1 Specification of laser light source 

 
 
 

 
 

Fig. 1 Schematic diagram of laser machining 
apparatus 

 
 

Table 2 Physical property of specimens 

 

 

 

 

Fig. 2 Definition of defocus dimension 
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Fig. 3 Evaluation of concave groove 
 
 

 

Fig. 4 Results of processing of high-polymer 
material at air environments of 0.25MPa 

 

 

Fig.5 Effect of the scanning rate of stage in 
high-polymer material 
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Fig. 6 SEM image of laser processing of Cr thin film 

 
Table 3 Results of laser processing of Cr film 
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Visualization of Strain and Application to Defect Detection  
Using Piezoelectric Film 

 
Shigeru KUROSAKI Shun KIKUCHI Amito HARA Hiroyuki Nikkuni 

       
      The purpose of this study is to develop the sensor which shows the size of the strain in the color 

and to examine the possibility of the defect detection using developed sensor. Developed sensor 
utilized the polymer piezoelectric film. The principle of color appearance is as follow. The 
piezoelectric film generates voltage. The voltage is converted into a heat. The heat is converted into 
the color. We inserted virtual defect model on the test piece. The test specimen which put on 
piezoelectric film was applied cyclic load. It was found that the output voltage of piezoelectric film is 
proportional to the applied stress amplitude. In conclusion, the color changed by applied stress is 
made to correspond to the strain value and we were able to show the possibility of the defect 
detection by using developed sensor. 
 
(Keywords:  Stress-strain Measurement, Experimental Stress Analysis, Piezoelectric Film, 
              Experimental Mechanics, Stress Concentration, Nondestructive Inspection) 

 
 

, ,

 

.

, 
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Test specimen

Piezo film Conductive tape

Electrode
Electrodet

Polyimide film
Electrode ElectrodeMicro capsule film

Piezo amp

Electrode

Fig.1 Developed visualizing film of strain(3) 
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The purpose of this study is to develop the sensor which shows the size of the strain in the 
color and to examine the possibility of the defect detection using developed sensor. Developed 
sensor utilized the polymer piezoelectric fi lm. The principle of color appearance is as follow. The 
piezoelectric film generates voltage. The voltage is converted into a heat. The heat is converted 
into the color. We inserted virtual defect model on the test piece. The test specimen which put on 
piezoelectric fi lm was applied cyclic load. It was found that the output voltage of piezoelectric fi lm 
is proportional to the applied stress amplitude. In conclusion, the color changed by applied stress 
is made to correspond to the strain value and we were able to show the possibility of the defect 
detection by using developed sensor.
Keywords : Stress-strain Measurement, Experimental Stress Analysis, Piezoelectric Film, Experimental 

Mechanics, Stress Concentration, Nondestructive Inspection

ピエゾフィルムを用いたひずみの可視化と欠陥検出への応用
黒崎　茂*，菊地　俊**，原亜三都***，新國広幸****

Visualization of Strain and Application to Defect Detection Using Piezoelectric Film
Shigeru KUROSAKI，Shun KIKUCHI，Amito HARA，Hiroyuki NIKKUNI
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Fig.5 Micro capsule film 
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Fig.3 Cut piece of 
piezoelectric polymer 
film sheet 

Fig.4 Polyimide film 

Table 1 Properties of piezoelectric film(4) 

Fig.2 Piezoelectric 
polymer film sheet. 

(a) Phot. of Polyimide film (b)Electrode of  
Polyimide film 

μ
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Fig.9 Stress amplitude vs. output voltage of  
a piezoelectric film and strain of a strain gauge 
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Fig.8 Photo. of electro-hydraulic servo fatigue 
     testing machine and piezoelectric film  

on a test specimen 

 

(a)Dimension of test specimen  

(b) Photo. of piezoelectric film on a test specimen  

Fig.6 Test specimen 

Fig.7 Model of defect 

 

(b) Defect model 
for depth 

(a) Defect model 
for diameter 
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Fig.10 Strain gauge vs. output voltage  

Table 2 Color changing in consequence of strain 

( a ) Output voltage vs. defect diameter 
Fig.11 Defect model for diameter 

4
Fig.12  Defect model for depth 

( b )  Output voltage vs. stress amplitude( a )  Output voltage vs. defect depth
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Table 3 Color change for defect (defect diameter) 

（平成24年１月６日　受理）
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PVDF フィルムを用いた接着接合部のひずみ分布測定 
                   志村 穣＊，有田克也＊＊，黒崎 茂＊ 

                                

Measurement of Strain Distribution on Adhesive Bonded Part using PVDF Film 
   Jyo SHIMURA, Katsuya ARITA, Shigeru KUROSAKI 

 
PVDF films have features of high output voltage, linearity for dynamic loads, and flexibility that the film geometry can 

be changed freely. The film is available as a sensor with neither power sources nor amplifiers. In this study, the strain 
distribution near adhesive interfaces is measured in the two following methods－one with PVDF films and the other with 
strain gauges－for comparison. In addition, FEM analysis is carried out to confirm the strain distribution at adhesive 
bonded part. The effect on measurement accuracy is investigated both by epoxy adhesive and conductive adhesive as glue 
on the joint specimen. As a result, the strain measurement method using PVDF films was also applicable in joining 
problem by adhesive, and it was proved that the tendency of strain distribution measured with PVDF films bonded by 
conductive adhesive is similar to that measured with strain gauges.  
 (Keywords: PVDF film, Strain distribution, Adhesive bonding, Conductive adhesive) 
 

 1.緒言  

圧電高分子フィルム(ポリフッカビニリデン，略

称：PVDF, 以下，PVDF フィルムと記す)は圧電性を

有するため，発生電圧が非常に大きく，電源を必要

としない。このため，増幅アンプ不要という利点が

生じ，測定対象物のひずみを直接検知できるセンサ

として活用できる。従来の PVDF フィルムを使用し

たひずみ測定の研究は Lee(1),勝見(2)，黒崎(3)等が取り

組んでいる。勝見ら(2)は片面電極付フィルムを用い

てフィルムの発生電位を非接触電位計により計測す

ることに成功している。黒崎ら(3)は勝見ら(2)のような

非接触電位計を用いず，PVDF フィルムを応力集中

部に貼り付け，出力電圧を取り出す簡易的な方法を

提案している。本研究では，黒崎ら(3)の手法に倣い，

接着接合部付近のひずみ分布を両面電極付 PVDF フ

ィルムおよびひずみゲージで測定するともに，突き

合わせ接着継手の FEM 解析を実施し，これら三者

によるひずみ分布の比較を行うことで，本手法の接

合問題への適用可能性を検証した。また，PVDF フ

ィルム貼り付け用の接着剤としてエポキシ系接着剤

と導電性接着剤を取り上げ，測定精度に及ぼす影響

を調べた。 
 

2.PVDF フィルム 

2.1 PVDF フィルムの出力電圧測定 

本研究で用いた負荷方式は Fig.1 に示すように，

平均荷重(Pave)を一定とし，荷重振幅(Pamp)を変化さ

せ，一定周期の繰り返し荷重を作用させる。その

際の PVDF フィルムの出力電圧を測定し，次節に

示すひずみ解析式により，ひずみ値に換算する。 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
なお，PVDF フィルムの出力電圧はノイズの影響

を除去するため，フィルタ(NF 製 E-3201B)を通し

てオシロスコープ(kenwood CS5450)で測定した。 
 
2.2 PVDF フィルムによるひずみ解析 

本研究で用いた両面電極付 PVDF フィルムのひ

ずみ解析式は黒崎ら(3)が提案した下記を用いた。 

 
 

… (1) 
 

… (2) 
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Piezoelectric Polymer films（PVDF films）have features of high output voltage, linearity for 
dynamic loads, and fl exibility that the fi lm geometry can be changed freely. The fi lm is available as a 
sensor with neither power sources nor amplifi ers. In this study, the strain distribution near adhesive 
interfaces is measured in the two following methods－one with PVDF fi lms and the other with strain 
gauges－for comparison. In addition, FEM analysis is carried out to confi rm the strain distribution at 
adhesive bonded part. The eff ect on measurement accuracy is investigated both by epoxy adhesive 
and conductive adhesive as glue on the joint specimen. As a result, the strain measurement method 
using PVDF fi lms was also applicable in joining problem by adhesive, and it was proved that the 
tendency of strain distribution measured with PVDF fi lms bonded by conductive adhesive is similar 
to that measured with strain gauges. 
 Keywords : Piezoelectric polymer fi lm, Strain distribution, Adhesive bonding, Conductive adhesive
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Measurement of Strain Distribution on Adhesive Bonded Part using Piezoelectric Polymer Film

Jyo SHIMURA，Katsuya ARITA，Shigeru KUROSAKI
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5.結果および考察 

5.1 の測定結果 

5.2 突き合わせ接着接合試験片のひずみ測定結果 

東京工業高等専門学校研究報告書 （第 43(2)号） 

 

2

2

ただし，εx, εx , γxyは Fig.2 中の x, y 方向のひずみ成

分，C は電気容量，kt は電気機械結合定数，A は電

極面積，θは PVDF フィルムの貼り付け角度である。

α31, α32と tk は圧電定数マトリックス e と弾性係数マ

トリックス E の成分で次式のように表される。 
 

… (3) 
 

とし，材料のポアソン比を と

すると出力電圧とひずみの関係は式(4), (5)となる。

kx, kyは Fig.3 に示す直線の傾きである。 
 

… (4) 
… (5) 

 
式(4), (5)の連立方程式を F と k について解くと式

(6), (7)が求まる。同様に εと V について解くと式(8), 
(9)が求まる。式中の kx, kyは 3.1 節に示す予備実験

で求めておく。 
 
 
 
 
 
 

3.実験方法 

3.1 kx, ky の測定 

 Fig.3 に示すように，アルミニウム合金の平板に

1 軸方向および 2 軸方向の PVDF フィルム(ここで

は，主応力方向が 1 軸方向に一致，すなわち 0 )
にそれぞれ 3×3[mm2]の導電テープを貼付したも

のと，ひずみゲージ(共和電業, KFG-1-120-C1-11)
を貼り付けた。PVDF フィルムにはアルミニウム

合金平板を介して繰り返し負荷を与え，出力電圧

の測定を行った。容量 100[kN]の電気油圧サーボ式

疲労試験機を用い，負荷周波数を 10[Hz]で固定し

つつ繰り返し負荷を 0.25～1.5[kN]に変化させて測

定を行った。 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 突き合わせ接着接合試験片のひずみ測定 

 Fig.4 に突き合わせ接着接合試験片の寸法およ

び形状を示す。試験片の材質はアルミニウム合金

A6063 であり，接合面をサンドペーパーで研磨後，

アセトンで脱脂・洗浄し，強力瞬間接着剤

(LOCTITE,高強度金属用プロユースタイプ)を塗布

して接着接合した。接着層厚さは 0.1mm であり，

試験片完成時の寸法は 560.1×50×5mm となる。接

着界面に沿って，両面電極付 PVDF フィルム

(4×4mm2)をエポキシ系接着剤で貼付し，さらにそ

の上に導電テープ(3×3mm2) を貼り付けることに

よりそれぞれの PVDF フィルムからの出力電圧を

検出した。なお，PVDF フィルムは 1mm 間隔で 6
枚配置している。接着層を挟んで PVDF フィルム

と対応する位置にひずみゲージを貼付し，ひずみ

分布を測定した。Fig.5 は実際に PVDF フィルムと

ひずみゲージを貼付した試験片である。 
負荷荷重は平均荷重(Pave)を 500[N]，負荷周波数

を 10[Hz]で固定し，荷重振幅(Pamp)を 100[N]から

400[N]まで，100[N]ずつ変化させて測定を行った。 
 
4.FEM 解析方法 

 Fig.6 に突き合わせ接着継手の解析モデルを示す。

本解析は平面応力状態を仮定し，平面プレート要素

を用いた。また，対称性の考慮から継手の 1/4 部分

を解析対象とした。解析モデルの寸法および形状は，  
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 3

(a) Case where PVDF films bonded by epoxy adhesive 

(b) Case where PVDF films bonded by conductive adhesive

Fig.8 Comparison of strain distribution measured by two methods 

Fig.6 Model for analysis of adhesive butt joint 

Table 1 Material properties of adhesive and adherend 

 
 
 
 
 
 
 
 
 

 Young’s modulus 
E [GPa] 

Poisson’s ratio
ν 

Acrylic 
adhesive 1.0 0.39 
Adherend 

A6063 69 0.33 

 
突き合わせ接着継手試験片のそれと対応させ，l = 
280mm, w = 50mm, ta = 0.1mm とした。また，被着体

にアルミニウム合金 A6063，接着層にアクリル系瞬

間接着剤の使用を想定し，Table 1 に示す材料定数を

定義した。境界条件は，二つの対称面，x = 0 面およ

び y = 0 面に対称条件を与えることでその部分の変

位を完全拘束し，Fig.6 の右端部に長手方向の引張荷

重 F = 900[N]を与えるものとした。 
 
5.結果および考察 

5.1 kx, kyの測定結果 

Fig.7にPVDFフィルムの出力電圧とひずみゲージ

よるひずみ値の関係，すなわち，Fig.3 におけるを kx, 
ky 示す。PVDF フィルムの出力電圧とひずみ値には

極めて良好な線形性が見られた。また，フィルムの

圧延方向が荷重方向に一致した出力電圧 V1(図中の

黒丸)において，より高い値を示している。この結

果をもとに kx, kyを算出したところ kx = 0.637, ky = 
0.110 [mV/μstrain]となった。 
 
5.2 突き合わせ接着接合試験片のひずみ測定結果 

(1)PVDF フィルムをエポキシ系接着剤で貼付した

場合  

算出した kx, ky および式(6)～(9)からひずみ値を

算出した。ここでは, x の分布を Fig.8(a)に示す。

PVDF フィルムの各点のひずみ値はひずみゲージ

のそれに対して小さく，ばらつきが顕著であり，

不安定な印象を受ける。また，ひずみゲージの貼

り付け作業の簡便性に比べて，エポキシ系接着剤

を用いた PVDF フィルムの貼り付けにはその塗布

量に注意しなければならないことが伺える。塗布

量が足りない場合，PVDF フィルムの貼り付けが 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7 Relation between output voltage and strain 
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3.実験方法 

3.1 の測定

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 突き合わせ接着接合試験片のひずみ測定

4.FEM 解析方法 
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4

4

不完全となり，出力されるべき電圧が得られない

ことになる。一方で，塗布量が多過ぎると，PVDF
フィルムを押し付けて接着する際に意図した貼り

付け方向に対してずれを生じ，正確な出力電圧を

測定できない可能性もある。したがって，PVDF
フィルム面積に対する貼り付け接着剤の最適塗布

量を検討する必要がある。 
(2)PVDF フィルムを導電性接着剤で貼付した場合 

(1)の PVDF フィルムをエポキシ系接着剤で貼り

付ける場合，PVDF フィルム裏面の電極と被着体

の間に接着層が入ることになり，これが出力電圧

に影響を及ぼすものと考えられる。そこで，より

導電性の高い接着剤を用いて PVDF フィルムを貼

り付けることを試みた。Fig.8(b)に導電性接着剤を

用いて PVDF フィルムを貼付した際のひずみ分布

を示す。Fig.8(a)と同様にひずみ値は PVDF フィル

ムの方が小さいが ,ばらつきが少なくなり安定し

ひずみ分布の傾向が一致していることがわかる。    
PVDF フィルムの方がひずみ値が小さくなる要

因としてフィルムサイズが挙げられる。今回使用

したフィルムサイズは 4×4mm2 であり，接着界面

直近から 4mm 四方の領域が測定対象となってお

り，この領域のひずみが平均化されてフィルムの

出力電圧として測定される。対してひずみゲージ

はグリッド長さが 1mm であり， PVDF フィルム

より接着界面に近く，その分ひずみ値が大きくなる。

両者の数値的差異を改善するためにフィルムサイズ

をより小さくすることが考えられるが，必然的に電

極面積も小さくなるため出力電圧も減少することに

なる。以上のことから，接着接合部付近のひずみ分

布に関して，ひずみゲージと PVDF フィルムの両者

を厳密に一致させることは現段階では難しいが， ひ
ずみ分布の傾向に一致が見られることから，補正係

数等を導入することで妥当な評価が可能になると考

えられる。 
 

 
 
 

 

(3)FEM 解析によるひずみ分布との比較 

 FEM 解析結果によるひずみ分布を Fig.8 中に白抜

きの三角印で記した。ひずみ値の変動は見られず，

ほぼ一様なひずみ分布となっており，ひずみゲージ

および PVDF フィルムのそれとは傾向が異なって

いる。数値的にひずみゲージのひずみ値と近しい

ことから，PVDF フィルムのそれは危険側にある

と言える。 
 
6.結言 

 本研究では，黒崎ら(3)の手法に倣い，接着接合部

付近のひずみ分布を両面電極付 PVDF フィルムおよ

びひずみゲージで測定し，両者の比較を行うともに，

突き合わせ接着継手の FEM 解析を実施し，これら

三者によるひずみ分布の比較を行うことで，本手法

の接合問題への適用可能性を検証した。その結果，

以下の結論が得られた。 
(1) 接着接合問題において，本手法によるひずみ測

定の可能性を示した。 
(2) PVDF フィルムの貼り付けに導電性接着剤を用

いることで測定精度の向上が期待できる。 
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地元企業技術者向け機械系工学講座の取り組み
多羅尾進1），福田勝己1），志村　穣1），藤野　宏2），鎌田千詩3），

大塚友彦4），三谷知世5），佐々木桂一6）

An Approach of Mechanical Engineering Related Course for Local Company Engineers
Susumu TARAO1），Katsumi FUKUDA1），Jyo SHIMURA1），Hiroshi FUJINO2），

Chiuta KAMATA3），Tomohiko OHTSUKA4），Tomoyo MITANI5） and Keiichi SASAKI6）

An experience-based education course for regional engineers around Tokyo National College 
of Technology has been planned and performed in 2009. This education course program was 
commissioned by Hachioji city, and designed for learning basic of mechanical engineering through 
several themes of mechanical design and analysis. Those themes which were decided based on 
aiming to keep students' motivation high, include practical mechanical drawing（3DCAD and hand 
drawing）and practical mechanical analysis（structural analysis and motion analysis）. Based on 
the above, this paper presents the approach, the progress and the result of the education course 
program.
 Keywords : reeducation, experience-based education, mechanical engineering
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Effects of Crystal orientation on Martens Hardness of Single-Crystal Silicon in Nanoindentation Method  
Katsumi FUKUDA , Mitsuo KOBAYASHI ,Akira KAKUTA and Chika TAKAAZE 

 
Recently, the devices have been progress miniaturization and ultra thin in kinds of fields, especially 
microelectronic devices and information storage media. Therefore, their characteristics are very important in 
engineering However the measurement of near-surface is very difficult. In this study, effects of crystal face on 
martens hardness of single-crystal silicon in Nanoindentation is investigated. 
 
Keywords: Nanoindentation method Martens hardness Single-crystal silicon Crystal orientation 
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Fig.1 Relationship between Normal load and Indentation depth 
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Recently, the devices have been progress miniaturization and ultra thin in kinds of fields, 
especially microelectronic devices and information storage media. Therefore, their characteristics 
are very important in engineering．However the measurement of near-surface is very diffi  cult. In 
this study, eff ects of crystal face on martens hardness of single-crystal silicon in Nanoindentation is 
investigated.
Keywords : Nanoindentation method，Martens hardness，Single-crystal silicon，Crystal orientation

ナノインデンテーション法による単結晶シリコンの
マルテンス硬さに及ぼす結晶面の影響

福田勝己*，小林光男**，角田　陽*，高畦千翔***

Eff ects of Crystal Orientation on Martens Hardness of Single-Crystal Silicon in Nanoindentation Method
Katsumi FUKUDA，Mitsuo KOBAYASHI，Akira KAKUTA，Chika TAKAAZE

  



 

 

 
 
 
 
 
 
 
 
 
 
 

Fig.2 Nanoindetation’s model 
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 Characterization of a Optical Microphone  

with Polarization Maintaining Fiber  
Hiroyuki NIKKUNI  

 
In this study, a optical microphone using polarization maintaining fiber was experimentally examined. The 

microphone consists of a square diaphragm and the fiber on the diaphragm. The dimensions of the fabricated 
microphone were 20 mm 20 mm 0.139 mm. In order to measure the phase sensitivity, pressure was applied to 
the diaphragm by a syringe. The microphone was successfully tested using a semiconductor laser at 635 nm. The 
sensitivity was evaluated to be 0.16 mrad/Pa which was smaller than that of the theoretical estimate by a factor of 
1/19.  
 
 (Keywords: optical microphone, diaphragm, polarization maintaining fiber)  
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In this study, a optical microphone using polarization maintaining fiber was experimentally 

examined. The microphone consists of a square diaphragm and the fiber on the diaphragm. The 

dimensions of the fabricated microphone were 20mm×20mm×0.139mm. In order to measure 

the phase sensitivity, pressure was applied to the diaphragm by a syringe. The microphone was 

successfully tested using a semiconductor laser at 635nm. The sensitivity was evaluated to be 

0.16mrad/Pa which was smaller than that of the theoretical estimate by a factor of 1/19.

Keywords : optical microphone, diaphragm, polarization maintaining fi ber

偏波保持光ファイバを用いた光マイクロホンの特性評価
新國広幸*

Characterization of a Optical Microphone with Polarization Maintaining Fiber
Hiroyuki NIKKUNI
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MOEMS  
 

Development of Teaching Materials for MOEMS Technology  

Using Photolithography 
Hiroshi ITO Hiroyuki NIKKUNI  

 
We experimentally examined photolithographic process in order to develop educational materials for MOEMS 

using photolithography. By the study, the processing accuracy was evaluated to be 3 m. Also, single mode 
optical waveguides on silicon were successfully fabricated by the photolithography. Moreover, the pectinate 
electrode for the evaluation of condensed matter was fabricated by the photolithographic process on the 
silicon and some film materials and then the electrical resistivities of the samples were easily measured by 
the electrical tester. It was noted that the photolithography would be the base system for teaching materials of 
the student's experiment in the MOEMS technologies. 

 
(Keywords: MOEMS, photolithography, condensed matter)  
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We experimentally examined photolithographic process in order to develop educational materials 
for MOEMS using photolithography. By the study, the processing accuracy was evaluated to 
be 3 µm. Also, single mode optical waveguides on silicon were successfully fabricated by the 
photolithography. Moreover, the pectinate electrode for the evaluation of condensed matter was 
fabricated by the photolithographic process on the silicon and some film materials and then the 
electrical resistivities of the samples were easily measured by the electrical tester. It was noted that 
the photolithography would be the base system for teaching materials of the student's experiment in 
the MOEMS technologies.
Keywords : MOEMS, photolithography, condensed matter

フォトリソグラフィを用いたMOEMS技術の教材開発
伊藤　浩*，新國広幸*

Development of teaching materials for MOEMS technology using photolithography
Hiroshi ITO，Hiroyuki NIKKUNI
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＊電気工学科 

化合物半導体 GaSのガラス基板上結晶成長 
伊藤 浩＊  

Crystal Growth of compound semiconductor GaS on a glass substrate  
Hiroshi ITO＊ 

 
 Crystal growth of gallium sulfide (GaS) was carried out using the electron beam vapor deposition on an 
amorphous glass substrate. The polycrystalline GaS thin films were deposited at the low substrate 
temperature of 100℃ using the hot metal cover on the substrate. It was found that the crystal grains were 
growing at the deposited film thickness of more than 300nm from analysis of the measurement results of the 
X-ray diffraction patterns. The hexagonal surface structures were also observed by SEM related with the 
crystal structure of GaS. These hexagonal structures were growing beside the gallium rich grain. 
(Keywords: layered semiconductor, thin film, crystal growth)  
 
１．はじめに

Ⅲ－Ⅵ族化合物半導体である GaS（硫化ガリウム）
は，層内は共有結合で強く結合し，層間はファン

デルワールス力で結合した層状結晶構造である．

また，GaSのバンドギャップは直接遷移 3.05[eV]，
間接遷移 2.59[eV]であり，これは青色の可視光領
域に対応する．そのため，GaSは層状半導体と呼
ばれ，層状構造特有の電気的・光学的な異方性を

示す．これらの特徴から，角度を認識することが

できる光センサー，可視光領域で発光する光デバ

イスや太陽光発電セルなどへの応用が期待できる．

また，層状結晶における層間結合は弱いファン・

デル・ワールス力により結合しているため，結晶

成長において基板の影響を受けにくく，また構造

自体が 2次元結晶構造であることから，結晶化が
容易であることが言われている．また，層状結晶

表面には結合手が存在せず，表面不活性な表面状

態としてトライポロジーの分野でも注目されてい

る．通常，結晶化には基板加熱により結晶核を生

成させる必要があるため，基板には高融点材料で

清浄な基板表面が求められる．この基板加熱のプ

ロセス温度が低温化（100℃程度）できれば，フレ
キシブルで安価な有機材基板上に半導体デバイス

を創製でき，電気電子分野以外の幅広い分野で応

用が期待できる． 
本研究では，層状半導体 GaS結晶成長の低温化

について，電子照射の影響，結晶成長メカニズム

ついて検討してきている．今回の報告ではさらに

低温時の詳細な実験を行い，電子照射が与える影

響を検討した．その結果，電子照射によって GaS
の結晶化に強く影響し，低温化へ寄与することが

確認できた．また，GaSの薄膜結晶において，Ga
及び Sの原子が持つ特性から，特有の成長機構を
示すことがわかった． 
 

２．実験方法 
２．１ 電子照射法による低温結晶化 
一般的に薄膜の結晶成長には，基板上に飛来し

た粒子の表面拡散，入射頻度，脱離など関係する

ことが知られている．これらの要因をまとめて，

結晶化への活性化エネルギーEa と表し，低温結

晶化にはこのEa を下げる工夫が必要となる（図

図 1 結晶成長の状態遷移概念図 
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Crystal growth of gallium sulfide（GaS）was carried out using the electron beam vapor deposition 
on an amorphous glass substrate. The polycrystalline GaS thin films were deposited at the low 
substrate temperature of 100℃ using the hot metal cover on the substrate. It was found that the 
crystal grains were growing at the deposited film thickness of more than 300nm from analysis of 
the measurement results of the X-ray diffraction patterns. The hexagonal surface structures were 
also observed by SEM related with the crystal structure of GaS. These hexagonal structures were 
growing beside the gallium rich grain.

Keywords : layered semiconductor, thin film, crystal growth

化合物半導体GaSのガラス基板上結晶成長
伊藤　浩*

Crystal Growth of Compound Semiconductor GaS on a Glass Substrate
Hiroshi ITO



  

 

であり，基板との界面では非晶質な構造の GaS
薄膜となっていることが推察される．その後成長

と伴に，ファン・デル・ワールス面が成長すると，

GaSの 2次元結晶成長へと相変化するものと考え
られる．図 5に GaS薄膜の回折ピークの強度，半
値幅を示す．横軸は厳密に電子照射量を測定して

いない為，熱電子の理論からフィラメント電流の

４乗として見積もり，間接的に電子照射量として

プロットした．この結果から，基板温度 150[℃]
時，フィラメント電流 If=5～6[A]では急激に回折
強度が増加していることが分かる．また半値幅に

おいては全ての基板温度に対して同様の減少傾向

が確認でき，電子照射量の増加によって結晶化が

促進されることが推察される．このことから

150[℃]，If =6[A]時で特に電子照射法の効果を得ら
れた．また，図 6に(002)，(004)面の回折ピーク強
度比を示す．150[℃]において電子照射量の増加に
伴い(004)面の比率が増加していること分かる．こ
の結果より(004)面は GaS結晶構造の Ga原子の結
晶面に対応していることから電子照射エネルギー

は Ga 原子に作用し，結晶化が促進されると推察
される． 
 

３．２ 表面モルフォロジー 
 図 7 に電子照射電流に依存した基板温度
150[℃]の GaS薄膜の表面 SEM像を示す．この結
果から，全照射電流において，層が縦方向に成長

した a 軸配列の領域と，層が横方向に成長した c
軸配列の領域が確認できる．この a軸配列は SEM
像において白い領域，c 軸配列は灰色の粒状の領
域になる．この a軸配列の白い粒は過去の考察に
より蒸着速度が速い時，原子が基板表面上で表面

拡散をせず，層が a軸配列に成長すると考えられ，
すなわち蒸発原子の入射頻度が高い場合，過飽和

な状態となり，核成長が促進されるために生ずる

ものと考えらえる．GaS の場合，2 次元結晶構造
のため，結晶成長はファンデルワースル面では弱

く，層状方向（a 軸）方向が強く成長する．照射
電流 If =0，5[A]では，ｃ軸配列の粒が細かく表面
上に成長しているが， If =6[A]では相対的に大き
な粒成長が確認できる．これは大きな照射電流（If 
=6[A]）では，表面ポテンシャルエネルギーの低下
により，入射原子の表面拡散が促進され，その結

果 c軸方向の結晶化が促進されたものと考えられ
る．その粒の形状を確認すると，六方晶系の構造

をしており，これは GaS結晶構造を反映した構造
であることが分かった．このことから電子照射に

よって，表面活性化エネルギーに影響を与えるこ

とが確認でき，また，結晶成長に作用することが

明らかとなった．また，図 8に AFM及び SEMか
ら測定した粒径の電子照射電流依存性を示す．電

子照射量が増加するに伴い，a 軸配列の粒に対し
て作用を及ぼしていないが，c 軸配列の粒におい
ては粒径が増加していることが確認できる．この

ことから電子照射法は c軸方向の成長に寄与し，a
軸方向にはあまり影響を与えないものと考えるこ

とができ，GaS層状結晶化を促進する作用がある

図 5 Intensity and FWHM of GaS films . 
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1）．通常，Ea を越えるためには基板を加熱し，

熱力学的エネルギーにより結晶成長を促進させる

ため，高い基板温度の状態で成膜が行われる．そ

こで，本実験で提案する電子照射法とは，基板加

熱に代わり基板表面に電子を加速し照射させた作

用(Ea’)により，Eaを低下させ，結晶化を促進さ

せる考えである．このような照射電子の与えるも

のとして，電子の運動エネルギー又は，静電エネ

ルギーなどと関係することが考えられる．そこで，

本実験では照射量をフィラメント電流，照射エネ

ルギーを基板電圧によりパラメータを可変させ，

低温時における結晶成長への影響を検討する． 
 

２．２ GaS薄膜の作製方法と評価 
 本実験には，基板バイアス，電子照射機能を搭

載した電子ビーム蒸着装置（図 2）を用い，無ア
ルカリガラス基板（コーニング 7059）上に GaS
薄膜を作製した．母材には純度 99.99[%]の塊状結
晶 GaSを使用した．成膜時圧力 Pは 2.7×10-3 [Pa]
以下，成膜速度 Ds は約 7 [Å/s]，水晶振動子膜厚
計の発振周波数変化量F は 15 [kHz]とし，膜厚
は約 0.7[μm]とした．基板表面温度 Ts は 100, 125, 
150[℃]とし，基板バイアス Vbを 100[V]，電子照
射のフィラメント電流 If を 0, 5, 6 [A]とした．基
板温度の均一化のため，基板上部に金属カバーを

設置した（図 3）． 
 作製した GaS 薄膜の評価には X 線回折装置
(XRD)を用いて回折強度及び半値幅(FWHM)から
結晶性の評価を行った．また，原子間力顕微鏡

(AFM)，走査型電子顕微鏡(SEM)を用い，低温時
における電子照射効果と膜成長（結晶化）の関係

について検討した． 
 

３．実験結果 
３．１ GaS薄膜の結晶性 
 図 4に蒸発速度を一定で膜厚を変化させたとき
の GaS薄膜の XRDパターンを示す．この結果か
ら膜厚に依存して結晶性が変化していることが確

認できる．膜厚が薄い膜成長初期の段階では非晶

質性を示すが、膜厚が 300nmと増加すると結晶化
し、さらに 700nmではピーク強度が増加し、結晶
性も向上している．さらに基板温度が 150℃の実

験においても同様な結果を得ている。このことよ

り，GaSの結晶成長には 300nm以上の膜厚が必要

図 4 GaS薄膜の XRDパターン 
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図 2 電子ビーム蒸着装置図 

図 3 基板上部に設置した金属カバー 
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であり，基板との界面では非晶質な構造の GaS
薄膜となっていることが推察される．その後成長

と伴に，ファン・デル・ワールス面が成長すると，

GaSの 2次元結晶成長へと相変化するものと考え
られる．図 5に GaS薄膜の回折ピークの強度，半
値幅を示す．横軸は厳密に電子照射量を測定して

いない為，熱電子の理論からフィラメント電流の

４乗として見積もり，間接的に電子照射量として

プロットした．この結果から，基板温度 150[℃]
時，フィラメント電流 If=5～6[A]では急激に回折
強度が増加していることが分かる．また半値幅に

おいては全ての基板温度に対して同様の減少傾向

が確認でき，電子照射量の増加によって結晶化が

促進されることが推察される．このことから

150[℃]，If =6[A]時で特に電子照射法の効果を得ら
れた．また，図 6に(002)，(004)面の回折ピーク強
度比を示す．150[℃]において電子照射量の増加に
伴い(004)面の比率が増加していること分かる．こ
の結果より(004)面は GaS結晶構造の Ga原子の結
晶面に対応していることから電子照射エネルギー
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1）．通常，Ea を越えるためには基板を加熱し，
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のとして，電子の運動エネルギー又は，静電エネ

ルギーなどと関係することが考えられる．そこで，

本実験では照射量をフィラメント電流，照射エネ

ルギーを基板電圧によりパラメータを可変させ，

低温時における結晶成長への影響を検討する． 
 

２．２ GaS薄膜の作製方法と評価 
 本実験には，基板バイアス，電子照射機能を搭
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ルカリガラス基板（コーニング 7059）上に GaS
薄膜を作製した．母材には純度 99.99[%]の塊状結
晶 GaSを使用した．成膜時圧力 Pは 2.7×10-3 [Pa]
以下，成膜速度 Ds は約 7 [Å/s]，水晶振動子膜厚
計の発振周波数変化量F は 15 [kHz]とし，膜厚
は約 0.7[μm]とした．基板表面温度 Ts は 100, 125, 
150[℃]とし，基板バイアス Vbを 100[V]，電子照
射のフィラメント電流 If を 0, 5, 6 [A]とした．基
板温度の均一化のため，基板上部に金属カバーを

設置した（図 3）． 
 作製した GaS 薄膜の評価には X 線回折装置
(XRD)を用いて回折強度及び半値幅(FWHM)から
結晶性の評価を行った．また，原子間力顕微鏡

(AFM)，走査型電子顕微鏡(SEM)を用い，低温時
における電子照射効果と膜成長（結晶化）の関係

について検討した． 
 

３．実験結果 
３．１ GaS薄膜の結晶性 
 図 4に蒸発速度を一定で膜厚を変化させたとき
の GaS薄膜の XRDパターンを示す．この結果か
ら膜厚に依存して結晶性が変化していることが確

認できる．膜厚が薄い膜成長初期の段階では非晶

質性を示すが、膜厚が 300nmと増加すると結晶化
し、さらに 700nmではピーク強度が増加し、結晶
性も向上している．さらに基板温度が 150℃の実

験においても同様な結果を得ている。このことよ

り，GaSの結晶成長には 300nm以上の膜厚が必要

図 4 GaS薄膜の XRDパターン 
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図 3 基板上部に設置した金属カバー 
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ことが確かめられた．また，a 軸方向の成長に関
しては VLS成長機構によるものと考えている． 
３．３ GaS結晶成長モデル 

 図 9 にガラス基板上で結晶化した GaS 薄膜の
SEM 像を示す．この GaS 結晶に起因した六方晶
系構造は周りに白い領域が存在している．この領

域は EDX 分析により Ga リッチな領域であった．
このことから低融点金属である Ga（融点 30℃）
が低い基板温度（100℃）でも液状になり，気相
（Vapor）→液相（Liquid）→固相（Soild）の VLS
成長機構に依存した成長であることが推察される．

このため，液状 Ga領域内部では，層状 GaS結晶
が成長し，一方ではホイスカー成長に見られる基

板に対し垂直方向への成長が生じていると考えら

れる． 
 

４．まとめ 

 本研究では，層状半導体 GaSの低温結晶成長に
おいて，電子照射による成膜手法を提案し，その

手法の有効性を示すことができた．この結果から，

照射電子が表面ポテンシャルエネルギーに作用し，

入射 Ga原子及び，S原子の表面拡散が促進するこ
と，その促進作用によって層状方向に膜成長が促

進することが明らかとなった．また，層状方向と

垂直な方向にも成長することが観測され，この原

因として低融点金属の Ga 原子が作用し，成長過
程において，VLS成長機構が関係することが推察
される．また，この VLS成長機構によって層状結
晶も促進されているものと考えている． 
 以上の結果から今後は，より電子照射の物理的

作用を解明するために，電子照射量とエネルギー，

蒸着速度などのパラメータを変えた詳細な実験と

薄膜物性の評価を行い，GaS薄膜の低温結晶成長
プロセスへの応用を検討していく． 
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Current-voltage characteristics of MOSFET  

with the amorphous Si built as trial 

Masamitsu YUGA 
 
 

The MOS (metal oxide semiconductor) FET (field effect transistor) was produced using an amorphous 
Si (a-Si).  Usually, after producing silicon dioxide films (SiO2), the structure of MOSFET is made from 
single crystalline silicon (c-Si) by the method of impurity diffusing.   
      However as the SiO2 films does not grow on a-Si, the impurity diffusing cannot be used. Then, 
the a-Si was made to deposit on c-Si which was grown up beforehand SiO2.  Deposition was performed 
using the equipment plasma CVD.   In this case, the c-Si is n type and the a-Si becomes p type produced 
by high frequency electric discharge using SiH4 and B2H6.   

Finally, source and drain are formed in the a-Si side and gate is made at the c-Si side.  The source
drain and gate electrode was formed with vapor-deposited aluminum.  Although the current between source 
and drain was quite small compared with c-Si MOSFET, if voltage was applied to gate electrode, the drain 
current ID will begin to flow slightly by a formed channel.  By measuring ID influenced by VG, an 
electron mobility μ inside a-Si and the threshold voltage VT required for a channel to be formed were 
calculable.   

As a result, the simulation of the μ obtained from measured value was able to  be carried out using 
the assumed formula μ=μ0(exp(aVG)-1) similar to current the diode.  Here, the coefficient a became the 
range of 0.2 to 0.3, and the value of μ0 was 0.02[cm2/Vs].   
(Keywords; amorphous Si, plasma CVD apparatus, MOSFET) 
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The MOS（metal oxide semiconductor）FET（field effect transistor）was produced using 
an amorphous Si（a-Si）. Usually, after producing silicon dioxide films（SiO2）, the structure of 
MOSFET is made from single crystalline silicon（c-Si）by the method of impurity diff using.
However，as the SiO2 films does not grow on a-Si, the impurity diffusing cannot be used. 
Then, the a-Si was made to deposit on c-Si which was grown up beforehand SiO2. Deposition was 
performed using the equipment plasma CVD. In this case, the c-Si is n type and the a-Si becomes p 
type produced by high frequency electric discharge using SiH4 and B2H6.
Finally, source and drain are formed in the a-Si side and gate is made at the c-Si side. The 

source，drain and gate electrode was formed with vapor-deposited aluminum.  Although the current 
between source and drain was quite small compared with c-Si MOSFET, if voltage was applied to 
gate electrode, the drain current ID will begin to fl ow slightly by a formed channel. By measuring 
ID infl uenced by VG, an electron mobility µ inside a-Si and the threshold voltage VT required for a 
channel to be formed were calculable.  
As a result, the simulation of the µ obtained from measured value was able to be carried out using 

the assumed formula µ=µ0（exp（aVG）－1） similar to current the diode.  Here, the coeffi  cient a 
became the range of 0.2 to 0.3, and the value of µ0 was 0.02[cm2/Vs].
Keywords : amorphous Si, plasma CVD apparatus, MOSFET

アモルファスシリコンを用いて試作した
MOSFETの電流―電圧特性

柚賀正光*

Current-Voltage characteristics of MOSFET with the amorphous Si built as trial

Masamitsu YUGA

＊電子工学科
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Fig.2 Current-voltage characteristics of an a-Si 
n-channel MOS field effect transistor for various 
choices of gate voltage VG =4 6[V]. 
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Fig.3 Current-voltage characteristics of an a-Si 
n-channel MOS field effect transistor for various 
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Fig.4 Current-voltage characteristics of an a-Si 
n-channel MOS field effect transistor for various 
choices of gate voltage VG =15 25[V]. 
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Fig.5 The simulation of electron mobility μ in 
consideration of the theoretical formula for MOSFET 
measurement data. 
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The Tutorial Web Site for the Students Studying Microcomputers 

Toshifumi KOSAKA, Katsushi MATSUBAYASHI,  
Sadanobu YOSHIMOTO 

 
The students that are Robocon Seminar members or Embedded System Project members 

study microcomputer to use it just as tool, while the students that study in Computer Science 
Course study microcomputer to study the principle of computers. For such students, the 
microcomputer tutorial Web site has been developed for ten years. This report shows the 
concept and abstracts of the Web site. 
 
(Keywords: C Programming, Exercise, Report Collecting System) 
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The students that are Robocon Seminar members or Embedded System Project members study 
microcomputer to use it just as tool, while the students that study in Computer Science Course 
study microcomputer to study the principle of computers. For such students, the microcomputer 
tutorial Web site has been developed for ten years. This report shows the concept and abstracts of 
the Web site.
Keywords : Microcomputer, tutorial Web site, H8/3048

マイクロコンピュータ学習チュートリアルWebサイト
小坂敏文*，松林勝志*，吉本定伸*

The Tutorial Web Site for the Students Studying Microcomputers
Toshifumi KOSAKA，Katsushi MATSUBAYASHI，Sadanobu YOSHIMOTO
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A Study on Immediate Mobile Multihop Communications 
 

Akira  TANAKA 
 
      Along with the popularization of Internet, communication systems become more familiar to our daily 

life. In such networked societies, meticulously improved mobility of communications is desirable. We 
developed a series of immediate mobile multihop communication systems that enable user-oriented 
communications: multihop uni-/multi-/broad-cast chat with smartphones, infrared multihop error 
correcting communication system, infrared multihop multi-/uni-cast switching system, 
multipath-problem solving function, and improved multihop routing with mobility-prediction/reduced 
procedures for UHF wireless systems. 
 (Keywords: mobile multihop communications, routing, multicast) 
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Fig. 1 Mobile multihop communication  

127東京工業高等専門学校研究報告書　第43（2）号，2012

マルチホップ移動体無線通信の一検討
―身近な通信システムを目指して―

田中　晶*

A Study on Immediate Mobile Multihop Communications

Akira TANAKA

Along with the popularization of Internet, communication systems become more familiar to 
our daily life. In such networked societies, meticulously improved mobility of communications is 
desirable. We developed a series of immediate mobile multihop communication systems that enable 
user-oriented communications: multihop uni-/multi-/broad-cast chat with smartphones, infrared 
multihop error correcting communication system, infrared multihop multi-/uni-cast switching system, 
multipath-problem solving function, and improved multihop routing with mobility-prediction/reduced 
procedures for UHF wireless systems.
Keywords : mobile multihop communications, routing, multicast
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Molecular dynamics（MD）is a powerful simulation tool for modern science and engineering. In 

this study, we have shown the proto-type MD application as an educational tool for the biginners. 

Rigid sphere model and Verlet method were used as theoretical foundations for the interacting or 

non-interacting many-particle systems. For the visualization tool, MS visual C++ was used.

Keywords : educational simulation tool, morecular dynamics, rigid shphere model, Verlet method

Development of Educational Simulation Tools
for Science and Engineering

Ken-ichi TSUCHIYA1），Akira SEITOH2） and Illka ALEKSI YLIOJA3）

of Liberal Arts (Mathematics)
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